Stress has been proposed as a cause of preterm birth (PTB) and small for gestational age (SGA), but stress does not have the same effects on all women. It may be that a woman's reaction to stress relates to her pregnancy health, and previous studies indicate higher reactivity is associated with reduced birthweight and gestational age. The objective of the study was to examine the relationship between pre-pregnancy cardiovascular reactivity to stress and pregnancy outcome. The sample included 917 women in the Coronary Artery Risk Development in Young Adults (CARDIA) Study who had cardiovascular reactivity measured in 1987-1988 and at least one subsequent singleton live birth within an 18-year period. Cardiovascular reactivity was measured using a video game, star tracing, and cold pressor test. Gestational age and birthweight were based on the women's self-report, with PTB defined as birth <37 weeks' gestation and SGA as weight <10 th percentile for gestational age. Linear and poisson regression and generalised estimating equations were used to model the relationship between reactivity to stress and birth outcomes with control for confounders. Few associations were seen between reactivity and pregnancy outcomes. Higher pre-pregnancy diastolic blood pressure (adjusted relative risk, 1.14, 95% confidence interval 0.98-1.34) and mean arterial pressure (MAP) reactivity (1.15, 0.98-1.36) were associated with risk of PTB at first pregnancy, while SGA was associated with lower SBP reactivity (0.76, 0.60-0.95). No associations were seen with other measures of reactivity. Contrary to hypothesis, the association between heart rate reactivity and preterm birth in first pregnancy was stronger in whites (aRRs 1.39, 1.03-1.88) than in blacks (1.00, 0.83-1.20; p for interaction=0.08). Similar results were found for mean arterial pressure. No strong associations were found between higher pre-pregnancy stress reactivity and SGA or PTB, and stress reactivity did not have a stronger association with birth outcomes in blacks than whites.
Introduction
Preterm birth (PTB) and fetal growth retardation, indicated by low birthweight or small-forgestational-age (SGA) are major causes of infant morbidity and mortality in this country 1, 2 . Many studies indicate that higher stress is associated with PTB and SGA, 3 but the reported associations have often not been so consistent, with associations often found in only subgroups, using some scales, or due to associations with smoking. [4] [5] [6] Higher levels of stress have been suggested as a reason for the large disparity in PTB and SGA between black women and women of other races. 7, 8 Individuals vary in their physical responses to stress. 9 Heightened cardiovascular reactivity in response to stressors (i.e. large changes in blood pressure, heart rate, relative to resting levels) has been associated with later development of hypertension [10] [11] [12] and stroke. 13 In CARDIA, blood pressure reactivity to stressors predicted higher blood pressure and hypertension over 13 years of follow-up. [14] [15] [16] Hyperreactivity was a stronger predictor of risk in blacks than whites, and this racial variation is hypothesised to contribute to disparities in hypertension. 16, 17 High blood pressure and vascular compromise in pregnancy are major contributors to maternal and neonatal morbidity, including PTB and fetal growth restriction. [18] [19] [20] Three previous studies indicate that increased cardiovascular stress reactivity is also associated with lower birthweight and/or reduced gestational age, 21, 22 at least in black women. 23 These studies are fairly small, conducted in low-risk populations with minimal ability to assess racial or other differences, and had limited power to control for confounding.
Cardiovascular reactivity is known to be reduced during pregnancy 9 , and pre-pregnancy reactivity may provide a better general picture of a woman's propensity to react and overreact physiologically to stress. Stress reactivity is fairly stable across long time periods. 24 In this analysis, we examine the relationship between cardiovascular stress reactivity, PTB, and SGA in participants in a large, prospective cohort study of cardiovascular risk in women of reproductive age. First, we hypothesised that women who reacted more strongly to stress before pregnancy would be more likely to give birth to preterm and SGA infants. Second, given that previous work has indicated stronger reactivity in blacks than whites, 17, 25, 26 we hypothesized this relationship would explain some of the difference in risk between blacks and whites. Finally, as previous studies have indicated that reactivity is a stronger predictor of both birth outcomes and hypertension in blacks, 16, 23 we examined the interaction between race and reactivity in predicting birth outcomes.
Materials and methods
The CARDIA Study is a multi-centre, longitudinal, observational study designed to describe the development of risk factors for coronary heart disease in young black and white men and women. In 1985-86, 2,787 women (53% black) aged 18-36 were enrolled at baseline from four geographic areas: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California. 27, 28 Participants were re-examined 2, 5, 7, 10, 15 and 20 years after baseline. Among women, retention at 5 years was 84%, at 10 years was 79%, and at 20 years was 72%. Retention was better in older participants than younger; in whites than blacks (88% vs. 81% at year 5) and in those with more education (89% in those with baseline college education or more and 79% in those with less than a high school diploma at exam 5). Blood pressure measurements and a variety of clinical, laboratory and lifestyle measures were obtained at baseline and follow-up exams. 27, 28 Blood pressure reactivity was measured at the second exam (1987) (1988) . The protocol for the reactivity testing has also been described in detail previously. 15, 29 The testing involved three different tasks: a video game, a mirror image star-tracing task, and a cold pressor task (hand immersion technique). An 8-minute habituation/pre-intervention period was followed by presentation of the video game and star-tracing task in randomised order for 3 minutes each. The cold pressor task, consisting of approximately 45 to 60 seconds of hand immersion in an ice water tank, followed the other two tasks. Only one blood pressure reading was taken during the cold pressor task (initiated after 30 seconds of hand immersion). Blood pressures for the habituation/pre-intervention period, video game, and the star-tracing task were recorded with an automated blood pressure monitor (2600B VitaStat, Spacelabs Medical Inc., Redmond, WA). To minimise the duration of participants' hand immersion, blood pressures during the cold pressor task were recorded manually with a mercury sphygmomanometer. 30 2407 women in the study had reactivity measures taken. Women were excluded from this analysis who had hormonal or vascular conditions likely to make their reactivity measurements unrepresentative: women who were pregnant (n=79), breastfeeding (n=57), or were taking blood pressure medications (n=66) at the time of reactivity measures were excluded (there was some overlap among these groups). 1310 of the remaining sample had data on at least one pregnancy during the 20-year follow-up; 1029 had at least one livebirth, and 1008 at least one singleton livebirth. (The etiology of LBW/PTB for multiple births likely differs from singletons and so they were excluded. 31 ) 917 women had data on at least one singleton livebirth that took place after the reactivity testing; this corresponded to 1503 total singleton livebirths. 3 women were missing data on gestational age at the first pregnancy and 6 pregnancies were missing data on gestational age. 99 women were missing data on birthweight at first pregnancy and 192 pregnancies were missing data on birthweight. At the 10-year interview, it appears that some women were asked about gestational age but not birthweight (71 women). Time between reactivity measure and first subsequent pregnancy was a mean of 5.2 years, median 4.2 years, range 0.5-17.6 years. Reactivity was not significantly different between dropouts and those who remained in the cohort.
Reactivity was defined as the mean of the three measures taken during the task minus the mean of the pre-intervention measures. Measurements were removed if the diastolic blood pressure (DBP) was implausibly low (DBP<=40), n=11. Reactivity measures (systolic blood pressure (SBP), DBP, mean arterial pressure (MAP -DBP + 1/3 (SBP-DBP)), and heart rate (HR)) were initially examined separately for each task; in later analyses, the video game and star tracing tasks were standardised and averaged for a summary measure. Cold pressor was not included in the summary measure due to the larger amount of missing data and the fact that it yields a different hemodynamic pattern than do the video game and star tracing tasks.
Pregnancy outcome was based on the woman's self-report for each pregnancy. At each follow-up exam, the woman was asked whether she had been pregnant since the previous exam; how the pregnancy had ended; the baby's birthweight; and length of gestation. The outcomes examined were preterm birth (PTB), gestational age at birth <37 weeks, and small-for-gestational-age (SGA), birthweight <10 th percentile for gestational age, 32 as well as gestational age and birthweight as continuous variables.
T-tests were used to examine the differences in reactivity between those with and without the outcomes. Poisson modeling was used to model relative risk 33 with reactivity measures as continuous measures; median, quartile, and quadratic relationships were also examined, and it was concluded that continuous measures provided an adequate representation of the relationship. Linear and poisson regression models were fit to predict outcome of the first pregnancy (for simplicity and to focus on "incident" outcomes among women with multiple poor outcomes). Generalised estimating equations with an exchangeable correlation matrix were used to model all pregnancies (in order to allow use of all data).
Multivariable models were used to examine confounding. Age at pregnancy, centre, race, education, smoking, parity, use of high blood pressure medication (after visit 2), and body mass index (BMI) were first examined as potential confounders. Centre was considered a possible marker of underlying population or environmental differences that were not captured by other demographic markers. Since for most pregnancies there was not an interview question that specifically addressed smoking or BMI during the pregnancy, smoking and BMI at the interview prior to the reported pregnancy was the measure used. Any variable that changed the effect estimate for a corresponding outcome at 10% was retained for final models; this was race and centre for PTB, and race, smoking, prepregnancy BMI, and blood pressure medication for SGA. Interactions with race were examined using product terms. In addition, we examined the relationship between race and birth outcomes, adjusted for reactivity. If stress reactivity were a major contributor to the race disparity, we would expect the size of the association to be reduced after adjustment. 34 Data were also examined limiting to women who reported first pregnancies within 1 (n=64), 2 (n=203), and 5 (n=529) years of reactivity testing; due to the small numbers, continuous gestational age and birthweight were used for these analysis, with adjustment for the same confounders as the PTB and SGA analyses, respectively.
Institutional Review Boards at each participating study centre approved the study. Written, informed consent was obtained from subjects for all study procedures.
Results
Women in this analysis were 20-33 years of age at the stress reactivity visit (table 1) . Just less than half were black, and approximately one-quarter were smokers. 21% of women reported at least one preterm birth (13% of pregnancies). Overall reactivity data are provided in table 2. Overall reactivity was higher in older women (p<0.01; data not shown). DBP and HR reactivity were higher in blacks (p<0.01). SBP and HR reactivity was lower in smokers (p<0.05), while cold pressor reactivity was higher in smokers (p<0.01).
Few differences in reactivity were seen based on outcome of first pregnancy. Women whose first birth was preterm had higher diastolic blood pressure reactivity and mean arterial pressure reactivity after the video game, and women who gave birth SGA had lower SBP star tracing reactivity. Results were similar when blood pressure measurements were standardised and averaged (table 3) . After adjustment, the association between heart rate reactivity and PTB in first pregnancy was stronger in whites (aRRs 1.39, 1.03-1.88) than in blacks (1.00, 0.83-1.20; p for interaction=0.08; table 3); the same was true for mean arterial pressure (aRR 1.35, 1.08-1.68 in whites; 1.04, 0.86-1.26 in blacks; p for interaction=0.14). The association between SBP reactivity and SGA was also higher in whites (1.01, 0.66-1.56) than blacks (0.73, 0.55-0.96). PTB and SGA were also analyzed across all pregnancies using GEE; results were similar with a slightly increased risk of PTB associated with HR reactivity and a reduction of SGA associated with SBP reactivity (supplementary table 1). Results were also similar using gestational age and birthweight as continuous outcomes (supplementary table 2 ).
The adjusted relative risk for black race and PTB was 2.20 (95% CI 1.57-3.07), while for SGA it was 3.12 (95% CI 1.95-4.98). After adjustment for reactivity variables, the RRs for PTB ranged from 2.17 (95% CI 1.55, 3.03) for average MAP reactivity to 2.57 (95% CI 1.78, 3.70) for cold pressor SBP, and for SGA ranged from 2.74 (1.65, 4.56) for cold pressor DBP reactivity to 3.19 (2.00, 5.08) for average MAP reactivity.
One standard unit of DBP reactivity was associated with an adjusted 135.1g (−7.1, 277.4; p=0.06) decrement in birthweight in women giving birth within one year (first pregnancy; adjustment for race, smoking, BMI, and use of blood pressure medications); the corresponding adjusted decrement associated with MAP reactivity was 116.7 (−15.7, 249.1, p=0.08). Among women with first pregnancies within two years, one standard unit of HR reactivity was associated with an adjusted 103.4 g decrement in birthweight (−12.6, 219.4, p=0.08); cold pressor SBP reactivity was associated with a 91.3g (−16.2, 198.8, p=0.10) . No associations were seen with gestational age.
Discussion
We did not find major relationships between pre-pregnancy cardiovascular reactivity and birth outcomes. A few measures -particularly DBP reactivity and MAP reactivity -were associated with minor increases in risk of PTB, but these were not large or statistically robust.
The relatively high risk of PTB and SGA in African-Americans, not attributable to any known risk factor, is one of the most difficult problems in perinatal health. It has been suggested that differences in stress contribute to this disparity, 35 with stress reactivity (perhaps influenced by early life hardship) reflecting host susceptibility to stress. 7 We did not find major indications that this was the case -few interactions with race were seen, and those that were found, while not strong, indicated larger effects in whites than blacks. In addition, adjustment for stress reactivity did not reduce the association between race and the birth outcomes, as would be likely if reactivity were a mediating variable. 34 Previous studies have reported a direct association between reactivity during pregnancy and adverse birth outcomes. [21] [22] [23] All three studies reported the strongest associations with diastolic blood pressure reactivity, which is consistent with our analysis. Hatch et al. reported stronger results in black participants, which we did not see. 23 There may be several reasons for the differences between our study and theirs. First, the other studies measured reactivity during pregnancy, while we used pre-pregnancy stress reactivity. There are good reasons to focus on pre-pregnancy health: the lack of successful prevention has led to greater focus on preconception health. [36] [37] [38] Stress reactivity tends to be fairly stable across long time periods, 24 is reduced during pregnancy, 39 and has predicted other outcomes in nonpregnant adults after long periods of follow-up. 14 Nonetheless, it is possible that reactivity in the pregnancy is more physiologically relevant, perhaps through having direct and immediate effects on the fetal environment. Our results for birthweight were stronger when limited to pregnancies occurring within a year or two of the measurement. Finally, the results of previous studies may not be particularly robust. Two samples were quite small (n=40 21 and n=70 22 ) and the third found relationships only in black women, 23 and measured reactivity only in a lower-risk subset. 23 Strengths of our study include the standardised protocol and unusual opportunity to measure a woman's health before pregnancy. We believe that examining a woman's health across her life, not during pregnancy, is essential for understanding pregnancy health. Limitations include self-report of birth outcomes. However, data indicate that women report birthweight and gestational age of their children accurately [40] [41] [42] [43] , and our results were not different when limited to very preterm births (data not shown), which are reported more accurately than overall preterm births (Catov et al., in review). In particular, the proportion of reported PTB is fairly high, suggesting there may have been some misclassification of gestational age. The proportion of black women reporting PTB is particularly high, so the lack of effect seen in this group could be partially due to misclassification. Another limitation is the variable time interval from the reactivity test to the beginning of pregnancy, although analysis indicated little correlation between the interval between reactivity testing and pregnancy outcome. In addition, we did not have information on stressors during the pregnancy. It is possible that reactivity is important only against a background of high stress.
In conclusion, we did not find strong associations between stress reactivity and low birthweight or preterm birth. However, our results suggest that reactivity may be associated with perinatal outcomes in whites, but not blacks. Future studies may need to concentrate on measurements closer to pregnancy, focus on other aspects of stress response, or look at responses to stressors more directly relevant to the woman.
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